ABSTRACT Laying hens were reared from 1 d of age in four replicates each of four different group sizes: 15, 30, 60, and 120 birds. To maintain stocking density at a constant 5 birds/m 2 , they were housed in litter floor pens of 3, 6, 12, and 24 m 2 , respectively. The allocation of feeder space, drinker nipples, and perch space was also constant per bird, irrespective of group size, as was the arrangement of resources in the pens. Birds were individually weighed at 3, 7, 12, 15, and 18 wk of age, and comb length and height were measured with calipers. At 24 and 39 wk, a sample of 30 eggs from each pen was weighed to determine mean egg weight. Results show a significant effect of group size on BW, with birds in the groups of
INTRODUCTION
Group size has been shown to have a significant effect on production traits. The general trend in layer strains is for higher mortality, more feather and skin damage, and lower egg production as group size increases (Hughes and Duncan, 1972; Hughes 1975; Adams and Craig, 1984; Tauson, 1998; Bilcik and Keeling, 1999) . Birds in larger groups have also been shown to have higher adrenal gland weight (Flickinger, 1961) and to be more fearful (Bilcik et al., 1998) . Most of this work comparing group size has been carried out in cages, less in loose housing systems, and very little on chicks or pullets. Reasons given for the poorer performance of hens in larger groups vary, but they usually involve references to increased competition, particularly for food, resulting in higher levels of aggression overall or directed at low ranked birds specifically. To whom correspondence should be addressed: Linda.Keeling@ hmh.slu.se.
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30 and 120 being lighter than birds in groups of 15 and 60. Eggs from birds in groups of 30 were significantly smaller than those from birds in the other group sizes. Comb size was unaffected by group size. We propose that these results support the theory that the hierarchical social structure based on individual recognition in small groups breaks down in large groups as birds become less aggressive and more tolerant. The results suggest that this transition occurs at a group size of around 30 birds, and that this 'intermediate' group size presents social problems for birds which, in turn, has consequences for production. The practical implication of this research is to avoid keeping birds in flocks of this size.
There are two reasons why it is timely to return to this question of the effect of group size on traits relevant to production. First, as the interest in alternative cage systems and noncage systems for housing laying hens increases, especially in Europe, there is a need for a greater understanding of how group size affects production in layers so that recommendations can be made on optimal group sizes. Second, recent developments in the area of aggression in relation to group size suggest that earlier assumptions of increased aggression in larger groups may not be valid. It has recently been proposed that in large groups, the costs of establishing and maintaining a dominance relationship outweigh the advantages in terms of priority of access to resources (Pagel and Dawkins, 1997) . This is because either the probability of the same birds meeting again is too low or it is too time consuming and energy demanding to defend resources in large groups. Instead it is proposed that birds attempt to form dominance relationships through aggression only up to a certain group size, above which they change strategy to become nonaggressive and more tolerant of each other (Estevez et al., 1997) . Support for this tolerance hypothesis is found in studies of aggression in large groups of layers in loose housing systems (Hughes et al., 1997; Nicol et al., 1999) , in which aggression is lower than would be expected if the birds were maintaining dominance relationships with all other birds in the flock.
We conducted a study to assess the impact of group size on the social behavior of layer pullets housed in floor pens (Newberry et al., 2001; Estevez et al., 2002; Keeling et al., in press ). The group sizes studied spanned the range from the low group sizes typically found in freeranging jungle fowl (Gallus gallus; Collias and Collias, 1996) to a relatively large group size at which we inferred from the results of previous studies (Guhl, 1953; D'Eath and Keeling, 1998) that no dominance hierarchy would emerge. Here, we report on the impact of group size on BW, comb size, and egg weight.
MATERIALS AND METHODS
Nine hundred Hisex White, 1-d-old, female chicks were randomly assigned to groups of 15, 30, 60, and 120 birds per pen, with four replicates per group size. Pens were arranged in a randomized block design within an environmentally controlled building. Pen size was proportionally increased with group size (3, 6, 12, and 24 m 2 , respectively) to maintain a constant stocking density of 5 birds/m 2 . Constant feeding space (4 cm per bird), drinking space (one nipple/five birds), and perching space (10 cm/bird, 1 to 12 wk; 20 cm/bird, 12 to 39 wk) were provided at all group sizes by varying the diameter of the feeders and the length of the water lines and perches between group sizes. The distribution of resources was consistent in all pens: four feeders (one in each quarter of the pen) and three rows of drinking nipples along the sides of the pen except where the door was placed, and two groups of perches, increasing to four groups of perches at 12 wk, arranged along the sides of the pens. At 22 wk, two colony nest boxes were placed in each pen. The size of these nest boxes was also varied systematically according to group size to give an allocation of 0.02 m 2 of nest box space per hen. All pens had wood shavings on the floor, solid sides up to a height of 1.5 m, and wire netting from there to the ceiling. Feed and water were provided ad libitum. Management procedures (temperature and lighting program) were according to the recommendations of the Hisex White Management Guide. The birds were not beak-trimmed. The birds remained in the same pens until the end of the study at 39 wk.
At 3 wk and again at 18 wk all birds in every group were weighed. When the birds were first weighed, 12 birds in each pen were randomly chosen and individually marked with blue dye. At 12 wk, these same 12 birds in each pen were individually marked with large plastic wing tags. These marked birds were also weighed at 7, 12, and 15 wk of age. At the same time as the bird was weighed at 18 wk, the size of its comb was measured using calipers to determine comb height and length. Comb height was measured from the base of the comb to the tip of the longest point, and comb length was the distance from the front most point to back most point of the comb. At 24 and 39 wk, all eggs were collected, and 30 randomly selected eggs from each pen were weighed. Depending on the age and group size, it could take from FIGURE 1. Mean (± SE) body weight (g) in the different group sizes at 3, 7, 12, 15, and 18 wk of age.
1 to 3 d to collect these eggs. Problems with egg eating prevented reliable data being collected on egg numbers.
Data were analyzed using a mixed-model ANOVA with repeated measures for age. Factors in the model were age, group size and their interaction. Least squares differences (LSD) were used to compare treatment means.
RESULTS
As expected, because these birds were young, there was an effect of age on BW (P < 0.0001). Body weight increased from 192 ± 2.4 g/bird (mean ± SE) at 3 wk to 1,412 ± 11.2 g at 18 wk. There was also an effect of group size on BW (P < 0.01; Figure 1 ). On average, birds were lighter at the group sizes of 30 and 120 than the group sizes of 15 and 60 (P < 0.05), and this zigzag pattern was rather consistent over the different ages (age × group size, P > 0.05). Mean coefficients of variation in BW were 7.29, 7.90, 7.77, and 7.92% for the group sizes of 15, 30, 60, and 120, respectively. There was no effect of group size on comb height or comb length (P > 0.05).
There was an effect of age on egg weight (P < 0.0001). Mean egg weight was 54.77 ± 0.40 g at 24 wk and 63.56 ± 0.44 g at 39 wk. There was also an effect of group size on egg weight (P < 0.01) that was consistent over time (age × group size, P > 0.05), with birds in groups of 30 laying smaller eggs than birds in groups of 15, 60, and 120 (P < 0.05; Figure 2 ). Age at 50% egg production was not affected by group size (mean ± SE, 20.4 ± 0.16 wk, P > 0.05).
DISCUSSION
The highly significant effect of age on BW is, of course, to be expected because the experiment covered the main growth period of the birds. The zigzag nature of the effect of group size on BW was less expected. An adverse effect of increasing group size on growth might have been predicted, because this was found in broilers kept in group sizes similar to those used in this study (Estevez et al., 1997) . However, because group size was confounded with stocking density in that study, the authors explained the effect by the differences in stocking density rather than group size.
In the present study, the allocation of resources such as floor space and feeder space was the same for all pen sizes and was generous by commercial standards for pullets. Resources were also arranged identically in the different pens, and the similar variation in BW in the different group sizes supports our contention that resource allocation was adequate. Consequently, the difference in BW among group sizes is unlikely to be explained by restricted physical access to resources in the groups of 30 and 120. We cautiously propose, therefore, that this zigzag may be a genuine effect. We are not aware of any other research comparing BW in hens of a laying strain reared in different group sizes across the range used in this study.
The zigzag observed for BW during rearing was also found for egg weight later in life, with the eggs from birds in the groups of 30 being significantly lighter than the eggs from birds kept in larger or smaller groups. If lower BW was the explanation, then egg weight should also have been low in the largest group size, which also had low mean BW, but it was not. Plumage scoring at point of lay (Bilcik and Keeling, 1999) showed that birds in the groups of 120 had significantly poorer feather cover than the birds in the smaller groups, which did not differ. Therefore, the lower body and egg weights in the groups of 30 cannot be explained by an adverse effect of feather loss during rearing, although this factor might have contributed to lower BW in the groups of 120 birds. However, regular plumage scoring of these birds during the laying period showed that feather damage in the birds from groups of 30 was consistently worse than would be expected from the general trend for poorer plumage with increasing group size (Bilcik and Keeling, 1999) , suggesting that this intermediate group size was problematic.
We interpret this pattern of findings with increasing group size to be a result of variation in the social behavior of birds in the groups of 15 using aggression to establish and maintain stable dominance relationships; birds in groups of 60 and 120 having a relatively nonaggressive, tolerant social behavior; and birds in the intermediate groups of 30 experiencing social disruption because the groups were too large for a stable hierarchy to develop but too small for a tolerant social system to occur. Such a change in social organization with increasing group size is predicted in theory (Pagel and Dawkins, 1997) and is supported by experimental evidence with layers (Hughes et al., 1997; D'Eath and Keeling, in press; Estevez et al., 2002) and broilers (Estevez et al., 1997) .
Based on these results, we propose that a group size of 30 birds lies close to the point where this change in social organization occurs. Furthermore, the idea that an intermediate group size is problematic for poultry is supported by the frequent lack of success, as measured by poor production performance and a high incidence of behavioral problems in get-away cages, which often have group sizes close to 30 (Wegner, 1990) .
